tricular dysfunction -a subgroup in whom the benefits of complete revascularization may be particularly evident. There are many reasons why patients with threevessel disease have a variable number of vessels bypassed with varying degrees of the completeness of revascularization achieved, but whether bypassing fewer than three or more than three vessels influences longterm outcome independently of baseline characteristics is unknown. The issue of completeness of revascularization on long-term outcome has now assumed increasing importance with the expanding use of coronary balloon angioplasty as an alternative to coronary artery bypass surgery in patients with multivessel coronary artery disease.
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To examine the influence of completeness of revascularization on long-term outcome after coronary bypass surgery, data were analyzed from a large, prospectively entered, nonrandomized multicenter registry study of patients with three-vessel coronary disease who had coronary surgical revascularization. A major objective was to evaluate the impact of the specific number of bypassed vessels on the late morbidity and mortality in these patients after dividing patients into subgroups based on the severity of their angina and degree of left ventricular dysfunction prior to surgery.
Methods
The details of the Coronary Artery Surgery Study (CASS) design, methods, definitions of terms, quality control, and baseline data have been described previously.5
Coronary Angiographic Analysis
For the purpose of this study, three-vessel disease was defined by the presence of significant coronary artery obstruction of at least 70% stenosis (visually assessed) in each of the three major vessels or their major branches. These were defined in a right-dominant circulation by the right coronary artery, the left anterior descending, and left circumflex arteries. In a left-dominant circulation, the three vessels were defined by the left anterior descending and diagonal artery, the proximal circumflex and marginal branches, and by the distal circumflex and its posterolateral branches. Significant (at least 50%) stenosis of the left main coronary artery was considered as two-vessel disease when the coronary circulation was right-dominant and three-vessel disease when left-dominant.
Hemodynamic and Ventriculographic Analysis
Left ventriculograms were performed in a 30°right anterior oblique projection, and the cardiac silhouette was divided into five segments. Wall motion in each of these five segments was graded from 1 to 6: 1 being normal; 2, moderate hypokinesis; 3, severe hypokinesis; 4, akinesis; 5, dyskinesis; and 6, aneurysmal. A left ventricular wall motion score was obtained by adding the values for each of the five segments, with a combined score of 5 indicating normal ventricular function with higher scores indicating increasing degrees of hypokinesis. Ejection fraction was measured using the techniques available in the individual laboratories.
A myocardial jeopardy score was implemented to relate the degree of functional impairment in specific segments of myocardium supplied by vessels with significant coronary narrowing. No myocardial jeopardy (0) was defined by wall motion scores .4 (as defined above) in both anterior and inferior wall segments supplied by vessels with .70% lesions. Inferior jeopardy (1) was defined when a vessel with a .70% stenosis supplied an inferior wall with a wall motion score of <4 in the presence of an anterior wall motion score of .4 with a .70% lesion of the left anterior descending artery (i.e., the inferior wall but not the anterior wall was considered viable and in jeopardy) and vice versa for anterior jeopardy (2) . Myocardial jeopardy in both regions (3) was present when both the anterior and inferior walls 
Results

Baseline Characteristics
Detailed preoperative characteristics of the 3,372 patients are summarized in Table 1 . There were several important differences between those who had one, two, three, or more than three vessels bypassed. In particular, there were important differences in patients-with one vessel bypassed versus the remainder of the population in variables reflecting left ventricular function (history of cardiac failure, left ventricular end-diastolic pressure, and ejection fraction). Anterior myocardial jeopardy indicating significant left anterior descending coronary artery obstruction with a viable anterior wall was also more common in this group.
Surgery
The operative mortality was 1.8% in group 1 and 3.5% in group 2, but there was no significant difference in operative mortality according to the number of vessels bypassed. Ninety-eight percent of patients received a graft to the left anterior descending coronary artery. In only 30 patients was a significant (>70%) stenosis of the proximal segment of this vessel left In patients with mild angina, the cumulative 6-year survival (adjusted for preoperative baseline imbalances) was similar for those with two, three, or more than three bypassed vessels ( Figure 1A ). At 6 years, the adjusted cumulative survival with two grafts was 89%, with three was 92%, and with more than three was 88%. In comparison, among patients who had only a single vessel bypassed, the adjusted cumulative survival after 4 years was significantly lower than the other three groups (85%,p=0.022), although it should be emphasized that there were only 11 patients who underwent bypass of a single vessel. The number of vessels bypassed failed to significantly influence event-free survival, that is, freedom from death, myocardial infarction, reoperation, or development of definite angina ( Figure 1B ). When patients with three and more than three bypassed vessels were combined and compared with those with two bypassed vessels, there were no significant differences noted in either survival or event-free survival.
Among patients with preoperative mild angina remaining alive after 5 years of follow-up, the majority were asymptomatic. No significant difference was observed in their functional status according to the number of vessels bypassed (Figure 2 ). Group 2: Severe angina. Multivariate analysis revealed that survival was improved to a significant degree (by approximately 25%) when three or more vessels had been bypassed versus fewer than three vessels (Table 3) . In addition to a number of baseline functional and angiographic variables, bypassing three or more vessels also significantly improved event-free survival to a small degree in this patient population.
The adjusted cumulative survival among patients with severe angina was lower for patients with only a single vessel bypassed compared with patients with two or more bypassed vessels ( Figure 3A) . The adjusted 5-year survival with one bypassed vessel was 78%, worse than the 6-year adjusted survivals of 81%, 86%, and 86% among patients with two, three, and more than three bypassed vessels, respectively (p=0.074). Adjusted event-free survival was influenced to a small but statistically significant degree by the number of vessels bypassed with poorer outcome observed in those patients with fewer bypassed vessels ( Figure 3B) . Thus, at 6 years, 31% of patients with more than three bypassed vessels remained free of events compared with 29% with three, 23% with two, and 23% with only one (p=0.025). Figure 5 shows the cumulative survivals for patients with mild angina stratified according to initial ejection fraction. After 6 years, no significant differences in survival between those with two bypassed vessels and for those with three or more were observed for any of the three strata.
Group 2: Severe angina. In contrast to patients with preoperative mild angina, those with severe angina who had initial ejection fractions <0.35 and had three or more vessels bypassed had longer survival than those with similar ejection fractions but grafts to only two vessels. Six-year cumulative survival was 69% versus 45%, respectively (p=0.04) ( Figure 6A ). No significant difference was observed among patients with higher ejection fractions ( Figures 6B and 6C ).
Sudden Cardiac Death and Myocardial Infarction
No overall influence on the adjusted cumulative incidence of sudden cardiac death or myocardial infarction was observed between patients with bypasses to one, two, three, or more than three vessels after 6 years ( Figure 7) . During follow-up, late myocardial infarction occurred in 529 patients, of which 71 (13.4%) were fatal. The case-fatality rate was significantly higher among patients who had only had one or two vessels bypassed compared with those with three or more than three ( 
Present Study
The results of the present study demonstrate that, for patients undergoing surgical revascularization who had r, peripheral arterial, valvular heart disease, chronic mild angina preoperatively (group 1), bypassing at least two vessels conferred significant benefit over bypassing a single vessel in terms of overall long-term survival. However, the number of patients who received only a single graft was very small in this group, and it is difficult to reach any firm conclusion about this group of patients. No difference was observed in cumulative survival among those with bypasses to two versus three or more than three vessels, even after stratification for ejection fraction; neither was there any apparent influence of revascularization status on event-free survival (death, myocardial infarction, reoperation, and definite angina).
Among patients with severe preoperative angina (group 2), a reduction in late survival and event-free survival was observed in patients with only a single vessel bypassed. However, major baseline differences in this population were probably partly responsible for this observation, as it was not found to be an independent risk factor after multivariate analysis. On the other hand, more complete revascularization (i.e., bypassing three or more vessels versus one or two) was associated with improved survival and event-free survival independently of any baseline differences. It should be emphasized that, in addition to the revascularization variables discussed above, a number of important preoperative functional and angiographic variables were also independently predictive of survival and event-free survival. The presence of congestive heart failure, extensive regional wall motion abnormalities, the number of associated medical diseases, and the patient's age were particularly important predictors of long-term outcome.
When the cumulative incidence of sudden cardiac death and myocardial infarction were examined together, no major differences were found among patients in whom two, three, or more than three vessels had been bypassed. Previous Studies A number of nonrandomized studies have emphasized that incomplete myocardial revascularization after coronary artery bypass surgery results in poorer symptomatic outcome1-4,17-19 and survival2-4 compared with complete revascularization. Completeness of revascularization was defined in these studies as either bypassing all significant lesions (with varying definitions of "significant") or revascularizing all ischemic myocardial segments. Only three series specifically examined patients with three-vessel disease,2'17,20 whereas the others analyzed patients with one-, two-, and three-vessel disease as a composite group.
Many studies" 17-19 have defined completeness of revascularization at late follow-up angiography by the absence of occluded grafts and absence of residual or new lesions that had not been bypassed. Such studies may provide important information but are unlikely to influence a surgeon's decision whether or not to strive for complete revascularization at the time of surgery. Graft attrition and progression of native vessel disease are two very important processes that will affect longterm prognosis, but how they influence outcome among patients with complete versus incomplete revascularization is unknown. In addition, when multiple grafts and anastomoses are used, there is the potential for accelerated atherosclerotic disease in bypassed native vessels that were only moderately diseased in addition to the problems of early closure of grafts used to bypass small and diffusely diseased vessels. 2'-25 The relation between completeness of myocardial revascularization and long-term outcome in patients with three-vessel disease is not clear. Lawrie and associates20 have demonstrated that survival is dramatically worse in patients with poor ventricular function if one or more unbypassed lesions are present. In their study, advanced age, residual disease (particularly of the left Years after surgery FIGURE 5. Graphs show cumulative 6-yearsurvival in group 1 patients, comparing complete revascularization (three or more bypassed vessels) and incomplete revascularization (two bypassed vessels) and stratified according to preoperative left ventricular ejection fraction (EF). Survival is shown for those with ejection fractions <0. 35 anterior descending and circumflex coronary arteries), and poor left ventricular function were found to be the most important predictors of late mortality among all patients, and it was concluded that more than three grafts would be unlikely to improve survival in patients who had good left ventricular function. These conclusions appear to be supported, in part, by the present study, which revealed that bypassing three or more vessels resulted in improved survival only in those with severe angina, particularly when left ventricular function was impaired.
In contrast, another study has shown that long-term survival was Reeder and associates35 have demonstrated that longterm outcome in patients with multivessel disease appears to be determined more by baseline characteristics than completeness of revascularization defined by angioplasty criteria; these observations have also been confirmed by other investigators.38 Dilation of only the "'culprit lesion" appears to be a feasible strategy in patients with unstable angina and multivessel disease,4142 but the patient populations have been very small and follow-up very short compared with most surgical series. 43 Completeness of myocardial revascularization has thus become an important and controversial issue for patients with multivessel disease undergoing myocardial revascularization with coronary balloon angioplasty as an alternative to coronary artery bypass surgery. Crucial to the determination of the choice of either procedure will be the results of ongoing randomized trials such as the National Heart, Lung, and Blood Institutesponsored Bypass Angioplasty Revascularization Investigation study. 44 
Study Limitations
It should be emphasized that this study was not a randomized study comparing complete versus incomplete coronary revascularization among surgical patients and as such is subject to the limitations of any retrospective analysis. The reasons for incomplete revascularization were not recorded in the CASS records, and so these remain undefined in this study. The reasons were probably numerous and most likely related to surgical and anatomical factors; the importance of these in any possible patient selection bias can only be speculative.
As with most such studies, our definition of threevessel disease was purely anatomical, based on angiographic criteria. Graft patency was not systematically studied in the CASS Registry and thus, whether patients who were completely revascularized remained so during the follow-up period is unknown. However, among 546 patients from the CASS randomized study and registry, approximately 90% of all grafts were found to be patent within 60 days of surgery.5 It is likely that the patency rates in these registry data do not differ much from this.
The use of the internal mammary artery graft in the present series was relatively low (16%) compared with its use today. Survival may have been improved with greater use of the internal mammary artery, particularly because the majority of patients in the present series had the left anterior descending coronary artery bypassed,30 but whether this would have influenced survival differently among completely versus incompletely revascularized patients is not known.
Ejection fractions were omitted from the multivariate analyses because of the large overlap with the left ventricular wall motion score and the fact that some CASS patients had no ejection fractions computed during that time; however, the results were very similar when a separate analysis was performed that included ejection fraction.
Conclusions
Whereas complete revascularization with coronary artery bypass surgery remains a desirable goal, this is not always possible, but excellent results can still be achieved in some patients. These data suggest that 1) for patients with mild angina, complete revascularization confers no significant benefit on long-term survival or event-free survival; 2) for patients with severe angina, complete revascularization with three or more bypassed vessels is associated with improved long-term survival and event-free survival, although the differences are small for the latter; 3) survival benefit for patients with severe angina is particularly apparent in those with left ventricular dysfunction; 4) more than three grafts to the three major vessels confers no additional discernible benefit over three grafts in terms of survival or eventfree survival for any patient subgroup; 5) in patients with late myocardial infarction, complete revascularization appears to reduce the risk of fatal outcome; 6) the influence of the completeness of revascularization on late outcome cannot be evaluated as a single entity without accounting for important baseline variables such as the severity of myocardial ischemia and left ventricular function.
These findings do not, however, suggest that complete revascularization should not be attempted in patients in whom it can be achieved but emphasize that bypassing the three major coronary arteries is particularly necessary in patients with severe ischemia and left ventricular dysfunction. These findings have major implications for patient selection criteria for coronary artery bypass surgery and possibly for coronary angioplasty among patients with three-vessel coronary disease.
